prevailing endocrine milieu. In the mid-breeding season, transport for 4 h in the absence of steroid pretreatment for 8 months reduced LH pulse frequency from 7.5 \ m=+-\0.3 to 6.3 \ m=+-\ 0.4 pulses per 4 h (P < 0.05) and LH pulse amplitude from 2.6 \ m=+-\ 0.5 to 1.8 \ m=+-\ 0.3 ng ml\m=-\1 (P < 0.05). Similarly, in the mid-breeding season, 34 h after the cessation of pretreatment with oestradiol and progesterone, transport suppressed LH pulse frequency from 6.1 \ m=+-\ 0.4 to 5.5 \ m=+-\ 0.3 pulses per 4 h (P < 0.05) with a tendency of effect on amplitude (6.2 \m=+-\2.7 to 2.61 \m=+-\0.6 ng ml \m=-\1; P = 0.07; note the large variance in the pre\ x=req-\ transport data). During mid-anoestrus, evidence of a suppressive effect of transport was only observed on LH pulse amplitude (4.7 \ m=+-\ 0.6 versus 3.0 \ m=+-\ 0.5 pulses per 4 h; P < 0.05) in ovariectomized ewes that had not been exposed to ovarian steroids for 4 months. Repetition of the pilot experiment with 12 ewes during the transition into anoestrus resulted in one ewe with LH pulses seasonally suppressed but increased by transport; 11 ewes had a distinct pulsatile LH pattern which was decreased by transport in six ewes. In anoestrus, there was no effect of transport on LH pulse frequency or amplitude in intact ewes, or those ovariectomized 2\p=n-\3weeks previously, with or without prior oestradiol and progesterone treatment. However, basal concentrations of cortisol were greater in anoestrus than in the breeding season, and the increment in cortisol during transport was similar in anoestrus and the breeding season but greater during the transition into anoestrus (P < 0.05). Progesterone concentrations increased from 0.31 \ m=+-\ 0.02 ng ml\m=-\1before transport to 0.48 \ m=+-\ 0.05 ng ml\m=-\1 during the second hour of transport (P < 0.05). In conclusion, transport reduced LH pulse frequency and amplitude in ovariectomized ewes that had not been exposed to exogenous steroids for at least 4 months. In most animals, the previously observed increase in LH pulsatility induced by exogenous CRH was not reproduced by increasing endogenous CRH secretion by transport. However, in four ewes, transport did increase LH pulsatility, but only during the transition into anoestrus in ewes with seasonally suppressed LH profiles after withdrawal of steroid pretreatment.
Introduction
Activation of the hypothalamus-pituitary-adrenal axis by a Stressor causes subfertility in animals by reducing secretion of LH from the pituitary (for review, see Phogat et al, 1997a) . Before a normal preovulatory LH surge, LH is secreted in a pulsatile pattern to form an important impetus for oestradiol production by the growing follicle (Dobson et al, 1997; Campbell et al., 1998) . In intact ewes, this increase in oestradiol contributes to the mechanism controlling the timing of the onset of the LH surge. Consequently, knowledge concerning the mechanism by which Stressors reduce LH pulsatility may explain the aetiology behind stress-induced subfertility. Transport stress has been shown to delay the onset of the preovulatory surge, but results concerning the effects on pulsatility in the late follicular phase were confounded by feedback effects of the high concentration of oestradiol at this time (Dobson et al, 1999a (Caraty et al, 1997) . Hence, an additional aim of the present study was to examine whether these latter results with CRH could be reproduced by increasing endogenous CRH secretion by transport (Smith et al, 1997 
Experimental design
The experimental protocol is summarized (Fig. 1 (Alam et al, 1986) and progesterone (Kanchev et al, 1976) . However, the separation of bound and unbound hormone in the steroid assays was modified. Instead of using charcoal at the end of the incubation period, 2 ml scintillant (Insta Fluor LSC, Canberra-Packard Ltd, Pangbourne) was added; the tubes were vigorously shaken for 30 s, allowed to stand for 5 min and the fluid phases then separated by freezing the aqueous phase in an alcohol bath at -20°C. The organic scintillant phase was decanted into counting vials.
Interassay and intra-assay coefficients of variation for LH (200 pi), cortisol and progesterone were both < 9.0,9.5 and 7.1%, respectively, with minimum detectable quantities of 0.1 ng ml·"1, 0.4 ng ml"1 and 0.025 ng ml1, respectively, and assay precision in the mid-range of the standard curve of 0.1, 0.2 and 0.01 ng ml-1, respectively. Measurements of progesterone were unaffected when an amount of cortisol equivalent to 80 ng ml"1 was added to plasma samples containing < 0.5 ng progesterone ml-1, which confirmed the absence of crossreaction artefacts.
Statistical analysis
The LH pulses were identified using the Munro algorithm (Taylor, 1987) as described in detail by Dobson et al. (1999a) . The windows of analysis, which defined the number of samples used to calculate the mean values for periods of comparison, were set at 240 min for the 4 h periods before, during and after transport. As there was variability in the time taken to resume pulsatility after transport, the period from 10 to 14 h (2-6 h after transport) was used for analysis. those expected (Fig. 2) Fig. 4 , which shows the same three ewes shown in Fig. 3 ).
Mean data for all ewes revealed a suppressive effect of transport on pulse frequency, with only a tendency of effect (P = 0.07) on amplitude, possibly because of the large variance prior to transport (Fig. 5) .
Comparison of data from the same eight ewes in Expts 1 and 2 showed that LH pulse frequency, but not amplitude, for the period before transport was significantly reduced by prior treatment with oestradiol and progesterone even 34 h after steroid removal (Fig. 5) (Fig. 6) . Retention of the small oestradiol implant reduced pulse amplitude in Expt 5b but again there was no significant effect of transport during anoestrus in recently ovariectomized ewes, with or without steroid treatment (Fig. 6) . The reason for the low pulse frequency after transport in Expt 5b is unknown.
Experiment 6: anoestrus, intact ewes without prior exogenous steroids. These intact ewes had lower LH pulse frequency and amplitude than those in Expt 4a but were unaffected by transport (Fig. 6 ).
Progesterone and cortisol
The peripheral plasma progesterone concentrations in six ovariectomized ewes pretreated with or without two CIDRGs (Expts 1 and 2) are shown (Fig. 7) . At 0 and 12 h, progesterone concentrations after removal of the CIDR-Gs (P < 0.05) were greater than they were in the controls. By 20 and 34 h after removal of the CIDR-Gs, there was no difference in the peripheral progesterone concentrations between the groups.
The mean profiles of cortisol and progesterone obtained from five ewes transported during the breeding season, anoestrus or the transition period are shown (Fig. 8 ) (these five ewes include the three for which data are represented in Figs 3 and 4) . Basal concentrations of cortisol were greater in anoestrus than in the breeding season (13.8 ± 2.5 ng ml"1 versus 5.4 ± 1.3 ng ml"1; < 0.05). In each season, concentra¬ tions increased immediately from the start of transport but then decreased so that the amount released during the fourth hour of transport was lower than that during the first hour (Goodman et al, 1995 (Goodman et al, ,1996 . However, direct effects on pulse amplitude at the pituitary must not be overlooked, as increased ACTH concentrations reduce GnRH-induced LH release by 50% in vitro (Phogat et al, 1997b (Pant, 1977) , and an increment of 0.9 ng ml"1 caused an immediate decrease in LH-driven oestradiol production by dominant follicles in cows (Noble et al., 1996 The use of animals that had not been exposed for at least 4 months to oestradiol and progesterone was vindicated by the observed changes in LH secretion. In both anoestrus and the breeding season, prior treatment with steroids decreased pulse frequency in the period before transport, reflecting the well-characterized effect of these hormones (Goodman, 1994) . The effect before transport on both pulse frequency and amplitude was still pronounced 14-21 days after ovariectomy (Expt 4a versus 5a) and 34 h after the removal of the steroids, when peripheral progesterone had returned to baseline concentrations (Expt 4a versus 4b). Thus, steroid negative feedback at the hypothalamus was still clearly operative.
Indeed, the failure to observe a differential suppressive effect of transport on LH pulse amplitude between long-term or recently ovariectomized anoestrous ewes may have been because the effects of pretreatment with steroids were still effective for days after steroid withdrawal.
In conclusion, the stress of transport reduced LH pulsatility with greatest effect during the breeding season. This finding adds to observations that transport also delays the LH surge mechanism with greater effect during the breeding season than in anoestrus (Dobson and Smith, 1995) , probably by interfering with LH-dependent oestradiol production in the preovulatory period (Dobson et al, 1999b 
